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Abstract: Experimentally; in the oxidative stress state; the raising of the concentration of products resulted from 
oxidative degradation of lipids; proteins and nucleic acids have been notice; along with the decreasing of the 
enzymatic and nonenzymatic antioxidants activity. The literature shows a special interest on antioxidants 
characteristics of various vitamins and provitamines; especially carotenoids.  
 The aim of this work is to highlight the markers of oxidative stress induce at the hepatic tissue level by 
methylnitrosurea (MNU) and also the manner in witch supplemented astaxanthin in the food diet can influence 
this markers. Methylnitrosurea; intraperitoneal injected in a unique dose in rats; causes hepatic lesions (chronicle 
hepatitis) and even hepatic tumors. Biochemical; MNU determines the appearance of oxidative stress at a hepatic 
level; fact proved by damaging the antioxidant enzymatic systems at the same time with the intensification of 
lipids and proteins oxidation processes.  The results suggest that astaxanthin protects liver damage induced by 




Oxidative stress is a term commonly used to denote the imbalance between the 
concentrations of reactive oxygen species (ROS) and the antioxidative defense mechanisms 
[1]. The oxidative stress is the cause of both occurrence and evolution of various pathological 
situations; such as the degenerative diseases; cardiovascular diseases; immune-inflammatory 
lesions; nervous system diseases; cancer [2; 3]. 
The effect of reactive oxygen species is balanced by the antioxidant action of non-
enzymatic antioxidants; as well as by antioxidant enzymes. The enzymatic antioxidant system 
includes superoxiddismutase (SOD); catalase and glutathione peroxidase. Non-enzymatic 
antioxidants are molecules that can oxidize easily and fast in the presence of the reactive 
oxygen species; protecting the molecules with a structural role or with specialized functions 
in the organism against oxidation. Unlike the enzymatic antioxidant systems that contain a 
reduced number of antioxidant enzymes; the no enzymatic systems contain a large molecules 
variety. According to the solubility; non-enzymatic antioxidants can be classified in two big 
classes: liposoluble antioxidants (vitamin A; carotenoids; tocopherols etc.) and hydro-soluble 
antioxidants (vitamin C; glutathione and other molecules). 
The carotenoidic pigments are among the most widespread natural pigments; they 
determine the yellow; orange; or red color of the tissues that contain them. Although they are 
biosynthesized only by plants; they can be taken and stocked by animals; especially in the 
adipose tissue; ovaries; blood; hepatic tissue; milk; egg yolks; exoskeleton of marine animals. 
The antioxidant function of the carotenoidic pigments is of special interest in the literature. 
The carotenoids from different animal tissues interact with oxygen reactive species such as: 
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the singlet oxygen; peroxide radicals; hydroxyl radicals; alcoxyl radicals; and superoxide 
radical [4; 5]. 
Many researches regarding the carotenoidic pigments proved that both the 
hydrocarburic carotenoids and the xanthophylls or even apocarotenoids function as 
antitumoral factors. In the beginning the studies focused on the antitumoral effect of β-
carotene; but now the xanthophylls are more studied. Numerous studies (epidemiological; in 
vitro or in vivo) proved the antioxidant/antitumoral capacities of astaxanthin and cantaxanthin 
[6-10]. Astaxanthin (3;3′-dihydroxy-β;β-carotene-4;4′-dione) is a carotenoide with red 
pigmenting properties; naturally occurring in yeasts; algae; crustaceans; and consequently in 
predatory fish such as salmonids. Scientific reports indicate that astaxanthin; because of its 
antioxidative properties; has anti tumor and anti-inflammatory activities; positive effects on 
blood pressure as well as a cardio protective effect [11].  
 The purpose of this paper is to determine the manner in witch supplemented 
astaxanthin in the food diet can influence the oxidative stress markers at the hepatic tissue 
level. It has been determined the antioxidant enzymatic systems activity (the 
superoxiddismutase and glutathione peroxidase activity) in parallel with the lipids and 
proteins oxidation level in protein extracts obtained from the liver. Also; it has been 
determined the content of total proteins in this extracts. The induction of the oxidative stress 
has been realized by injected of a unique dose of methylnitrosurea (MNU) to rats. 
MATERIAL AND METHOD 
 
 Experimental procedure: Experiments were applied on Wistar rats divided in 4 
groups: group I – control C; groups II and III (MNU and MNU+Ax) – intraperitoneal 
injected; in a single dose; with 55 mg/kg body methylnitrosurea and group IV (Ax). Daily 
dietary intake was similar for all groups. For group 3 (MNU+Ax) and group 4 (Ax) diet was 
supplemented with carotenoids dissolved in sunflower oil (50 µg / body weight /day) during7 
months.  After 14 months the animals was sacrificed and liver tissues were collected in order 
to determinate the activities of antioxidant enzymes; proteins content and the oxidation of 
lipids and proteins. 
Biochemical determination: Protein extracts from liver was obtained using potassium 
phosphate buffer (pH = 7;35). The activities of SOD; glutathione peroxidase (GPx); lipids 
peroxidation and proteins oxidation were estimated in this protein extract using photometric 
methods. Antioxidant enzymes activity will be determined in hepatic tissues; from all 
experimental groups; using commercial kits (from Randox). 
The extent of lipid oxidation can be determined by measuring the losses of unsaturated 
fatty acids; the amounts of primary peroxidation products. One of the most commonly applied 
assays is the thiobarbituric acid (TBA) test. The method is based on the reaction of TBA with 
malondialdehyde (MDA); one of the aldehyde products of lipid peroxidation. Basically; the 
sample was heated with TBA under acidic conditions; and the amount of pink-colored MDA-
TBA adduct produced was measured at 535 nm. Results were expressed as mmoles MDA per 
milligram of protein and per g-wet tissues and were calculated using an average absorption of 
1;56 x 105 M-1 cm –1/24 [12].  
Oxidative damage to proteins has been much less intensively studied than lipid 
peroxidation and is inherently more problematic due to the large number of different protein 
targets and relatively high number of different amino acid residues. At present the most 
sensitive assay of general oxidative attack on proteins is the measurement of carbonyl group 
formation; which is derived from the reaction of reactive free radicals such as the hydroxyl 
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radical with amino side groups; e.g.; lysine residues. Measurement of the carbonyl group 
content in protein has the advantage of simplicity; it has the disadvantage of being nonspecific 
when used with crude preparations of tissues. An improved method based on the reaction of 
carbonyl groups with 2;4- dinitrophenylhydrazine has been shown to increase both sensitivity 
and specificity of the assay [13]. 
 
RESULTS AND DISCUSSIONS 
 
Many factors play role in the etiology of cancer. One of the most important factors in 
the cancer ethiology is the chemical carcinogens. The most important ones among the 
chemical carcinogens are polycyclic hydrocarbons; aromatic amines and nitrosamines. 
Nitrosamines and amides which are chemical carcinogens are especially found in foods like 
smoked; soused meat; salami; sausage; fish meat; cheese; and soy oil and in cigarette smoke. 
Nitrosamines are formed by the combination of nitrogen oxide (NO) originating from NO3- 
nitrate and NO2- nitrite added with the secondary and tertiary amines formed by the 
destruction of proteins and amino acids in gastrointestinal tract.  
The necropsic and histopathologic examination of the animals from the control groups 
and treated with astaxanthin (I; IV) hasn’t shown the existence of any lesions at hepatic level. 
In the case of the animals from the groups that were treated with MNU and a normal food diet 
(II) has been highlighted the appearance of interstitial chronic hepatitis; the lipid hepatosis 
(hepatic dystrophy) and in the case of one rat has been highlighted the appearance of a 
cholangiocarcinoma (hepatic tumor). The results obtained are in concordance with the ones 
presented by Tessitore (2000); concordant to which a single dose of either methylnitrosurea 
(MNU) or dimethylhydrazine (DMH) becomes carcinogenic for the liver [14]. 
In the case of the rats injected with MNU and a diet rich in astaxanthin (the III group) 
has been highlighted the appearance (in three cases) of chronic interstitial hepatosis and to 
one rat has been highlighted the existence of an active chronic hepatitis. To none of the rats in 
this group have appeared tumoral lesions. Similar results have been noticed by other 
scientists. Thus; astaxanthin has been proven to suppress spontaneous liver carcinogenesis in 
male mice. The mean number of liver tumors was significantly decreased by astaxanthin 
treatment as compared with that in the control group [15]. 
The results obtained after the analysis of antioxidant enzymes (SOD; GPx) and of the 
lipids and proteins peroxides level in protein extracts obtained from liver are presented in 
chart 1 and 2. So that we can express as correct as possible the results; in these extracts we 
also dosed the total protein; so that in the end the enzymatic activity was reported to 1mg of 
protein and to 1 gram of tissue. All the results represent the average of the output 
determinations for every group in part and standard deviation. 
Compared to the control group; has been noticed that the administration of 
methylnitrosurea determines a drop of the total proteins content. This can be explained by 
proteolysis acceleration. This acceleration can be done directly; through protein oxidation; or 
indirectly; by their growth of susceptibility at the action of proteolitical enzymes. In the case 
of the rats whose diet was enriched with carotenoids; the content of total proteins at the 
hepatic tissue level doesn’t show any significant modifications. In our case; the decrease of 
the total proteins level in the liver; at the animals injected with methylnitrosurea; is related 
with an accentuated increase of the oxidation level of proteins (table 2). 
The enzymatic activity is larger in the MNU treated group; a significant increase being 
recorded in the case of glutathione peroxidase and in more limited borderlines in the SOD 
case. These increases can be explained by the fact that chronical hepatitis is characterized by 
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an intensification of the inflammatory processes at the hepatic cells level. It is supposed that 
inflammatory cells generate reactive oxygen species and reactive nitrogen species which lead 
to the increase of the DNA’s oxidation level in the liver [16]. 
Table 1:   
Antioxidant enzymes activities and proteins content in protein extracts from liver  
Total proteins Superoxidismutase (SOD) 
Glutathion peroxidase 
(GPx) Groups 
mg / ml 
extract 
mg / g 
tissue 
U / mg 
proteins 
U / g 
tissue 
U / mg 
proteins 



















































 Astaxanthin could have protective effects in rat liver by activating the antioxidant 
system [17]. In the case of the animals injected with MNU and enriched in astaxanthin diet 
has been noticed a normalization of the antioxidant activity; the recorded values being lower 
compared with the MNU lot and having closer values to the control group. In the case of the 
animals which were not injected with methylnitrosurea and a rich in astaxanthin diet has been 
noticed that there aren’t any significant modifications in the activity of the studied enzymes. 
 
Table 2:   
Lipids and proteins oxidation level in  protein extracts from liver 
Lipids peroxidation level 
(MDA) 











































For all the analyzed tissues can be noticed a high concentration of MDA; so a high rate 
of lipids peroxidation. The peroxidation of the membranes lipids leads to the modification of 
the cellular membranes properties by increasing their fluidity and permeability. These 
modifications lead to the extinction of the osmotic and chemical gradients witch leads to the 
decrease of the cellular excitability; disturbance of the metabolic processes and appearance of 
morphological lesions [18]. The increase of the peroxidation level from the cellular 
membranes and of the intracellular organites membranes is considered to be the main cause of 
the lesions produced by reactive species of oxygen in hepatic diseases. 
Due to its lipophilic character; astaxanthin; along other carotenoides; is present in the 
organism in lipoprotein transport systems and in the liver.  By increasing the food diet with 
astaxanthin (Ax and MNU+Ax groups) increases its concentration in hepatic tissue; which 
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results in the rise of the antioxidant capacity of this tissue; fact that has been proved by the 




 As a result of the analysis; I have reached to the following general conclusions: 
 - Methylnitrosurea administrated to rats; by intraperitoneal injecting in unique doses; 
produces lesions at the hepatic tissue (chronic hepatitis) and even hepatic tumors. 
 - Methylnitrosurea determines the appearance of the oxidative stress at the hepatic 
level;  fact that has been demonstrated by damaging the activity of the antioxidant enzymatic 
systems at the same time with the increase of the oxidation processes of lipids and proteins. 
 - The results suggest that astaxanthin protects liver damage induced by MNU by 
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